Abstract: Transfusion after cardiac surgery is very common. This rate varies between institutions and has remained high despite established transfusion guidelines. We analyzed our database of patients who underwent isolated CABG (Coronary Artery Bypass Graft) to determine the predictive factors of homologous transfusion and associated postoperative morbidity, mortality and resource utilization. ( b =0.955, p<0.0001). We conclude that the isolated CABG patients receiving blood transfusion have significantly higher mortality, morbidity and resource utilization. Homologous blood transfusion is an independent factor of increased resource utilization, morbidity and mortality.
Introduction
The frequency of blood transfusion in patients undergoing Coronary Artery Bypass Graft (CABG) surgery is high; annually more than 3 million patients receive more than 11 million units of transfused blood in cardiac surgery in United States [1] . By increase in age and comorbidities among patients that refer to cardiac surgery, a higher blood transfusion rate is expected. The decision to transfuse patients is always done to amend hemostasis or improve the carrying capacity of oxygen in the blood [2] . Physicians make transfusion decisions based upon their past teaching and enculturation. As a result of the lack of evidence based medicine supporting the transfusion decision, transfusion during CABG surgery varies widely [3, 4] . In other way, transfused patients in general are immunosuppressive [5, 6] and unfortunately, these patients have been associated with postoperative infection in a dose-dependent model by blood units transfused [7] . The combined effect of postoperative transfusion on patients undergoing isolated CABG in terms of cumulative morbidity and perioperative mortality and their resource utilization [total intensive care unit (ICU) hours, duration of intubations, hospital length of stay (HLOS), post operation length of stay (PLOS)] is less known. The purposes of this study were [1] to identify preoperative risk factors that may be associated with blood transfusion, [2] to evaluate the effect of blood transfusion on 30 days mortality and morbidity in patients undergoing isolated CABG, and [3] to evaluate the effect of blood transfusion on resource utilization. 
Material and Methods

Statistical methods and experimental procedures
Statistical methods
Numerical variables were presented as mean±SD, while categorical variables were summarized by absolute frequencies and percentages. Continuous variables were compared using the Student's t test or nonparametric Mann-Whitney U test whenever the data did not appear to have normal distributions, and categorical variables were compared using chi-square or Fisher's exact test, as required. A multivariable stepwise logistic regression model for risk factors predicting blood transfusion was constructed. The associations of independent predictors with blood transfusion in the final model were expressed as odds ratios (OR) with 95% CIs. Model discrimination was measured using the c statistic, which is equal to the area under the ROC (Receiver Operating Characteristic) curve. Model calibration was estimated using the Hosmer-Lemeshow (HL) goodness-of-fit statistic (higher p values imply that the model fit the observed data better). Also, multivariable logistic regression models for comparing postoperative complications and mortality across the two groups of patients in presence of confounders were established and the associations were presented as odds ratios (OR) with 95% CIs. Multivariable linear regression models for comparing resource utilizations across the two groups of patients in presence of confounders were also established and the associations were presented as b with 95% CIs. Variables were included into the multivariable model if the p value was found to be less than or equal to 0.15 in the univariate analysis. For the statistical analysis, the statistical software SPSS version 13.0 for windows (SPSS Inc., Chicago, IL) and the statistical package SAS version 9.1 for windows (SAS Institute Inc., Cary, NC, USA) were used. All p values were 2-tailed, with statistical significance defined by p≤0.05.
Results
The demographic and clinical data are presented in Table 1 . There were 14,152 patients who met the inclusion criteria. The number of males was significantly higher than females in the transfused group. The mean age of the patients was 58.6 ± 9.5 years. All patients underwent isolated CABG. In transfused patients, 98.8% had an on-pump and others had an off-pump procedure. Of all cases, 0.2% was considered as emergent and the others were urgent or elective. Overall, 16.5% of patients transfused. A Canadian Cardiac angina Score (CCS) greater than 3 was seen more (9.3%) in transfused patients (p<0.001). Additionally, those patients who received transfusions required longer total perfusion times (p <0.001). Table 2 
details the items analyzed to
Transfusion associated in-hospital mortality and morbidity in isolated Coronary Artery Bypass Graft surgery evaluate complications and resource utilization. The total complication rate was 11.4%. In those not transfused, the complication rate reached 24.5% which was not shown in Table 2 . Transfused patients demonstrated a significantly higher incidence of postoperative infectious, ischemic complications and most illustrious cardiac and reoperation complications, as well as, mortality (p<0.001).
The number of deaths occurred in the nontransfused was 0.4% as compared to 2.6% among those in transfused group (P< 0.001). Those who transfused had a higher rate of reintubation, total ICU hours, and total ventilation time (p<0.001). By multivariable analysis we showed the risk factors of transfusion in isolated CABG (Table 3) . Some of predictive factors of mortality were Table 4 . Homologous blood transfusion effect on mortality and morbidity in Multivariable logistic regression analysis adjusted for confounders.
CI, Confidence interval
Transfusion associated in-hospital mortality and morbidity in isolated Coronary Artery Bypass Graft surgery results are not shown. Results of multivariable analysis for the independent effect of transfusion on mortality, morbidity and resource utilization are demonstrated in detail in Tables 4, 5 .
Discussion
Transfusion after cardiac surgery is very common [9] . This rate is varying between institutions [10] and has remained high despite established transfusion guidelines [11] . We analyzed our database of patients who underwent isolated CABG to determine the predictive factors of transfusion and the association of postoperative morbidity and mortality and resource utilization with blood transfusion. We found a strong statistical association between blood transfusion and increased in-hospital morbidity, mortality and resource utilization. Some of the blood transfusion risk factors were instinctive and some were not. The transfusion rate was higher in male gender, diabetic and renal failure patients, smoker, patients with lower EF and urgent or emergent surgery. There are several previous studies that determine risk factors of preoperative and post operative transfusion on mortality and morbidity, but because of differing patient populations and methodologies, they are not comparable. In our multivariable analysis of preoperative risk factors associated with transfusion; age, male gender, diabetes, renal failure, hypertension, immunosuppressant therapy, CCS>III, history of a CVA, number of diseased vessel>II, on-pump CABG, increased perfusion time, number of grafts, need to IABP insertion were independent predictors of transfusion. Engoren et al. [12] found that transfused patients were older, and stayed longer in the hospital, and were more likely to be female and to have CVA, PVD, hypertension, higher New York Heart Association (NYHA) functional class IV symptoms, and to need intraaortic balloon pumps. Manoj Kuduvallia et al. [13] in their studies showed on-pump surgery, female sex, number of grafts, renal failure, increased number of diseased vessel and older age as risk factors for transfusion. In our study, we determined some of these risk factors (Table 3) . Magovern et al. in their study revealed the perfusion time as independent predictor of blood transfusion [14] . In agreement with this study, we found that increased perfusion time is associated with increased risk of transfusion. However, patients with short perfusion times may be still at risk for receiving a blood transfusion [15] . Recognition of risk factors for blood transfusion may help identify patients at high risk for transfusion and facilitate decision-making to reduce perioperative blood transfusion [14] . In our study, we demonstrated that blood transfusion is associated with a higher rate of postoperative complications (Table 2) . Leal-Noval et al. [16] showed in their study, administration of blood derivatives, in particular red blood cells, was associated with a development of severe postoperative infections (pneumonia). In addition to a higher incidence of postoperative pneumonia, blood transfusion has also been shown to be associated with deep sternal wound infection [17] and severe sepsis [18] . In agreement with these findings we demonstrated blood transfusion to be associated with a higher risk of infectious complication. The mechanism whereby transfusion influences adverse outcome has not been obviously understood. The systemic inflammatory response may play role in the negative impact of transfusion on outcome [19] . Patients undergoing cardiac surgery manifest a noninfectious inflammatory response reflected by increased concentrations of inflammatory mediators [20] . Moreover, transfusion affects the release of inflammatory mediators [21] . Taken together, these findings support the immunosuppressive effect of blood transfusion with corresponding susceptibility to bacterial infection. We demonstrated in our study that transfused patients may have more ischemic complication (4.1% vs 1.0%). This may be related to the fact that most of transfused patients receive stored blood. Red blood cells which stored for a period of time (28 days or longer) in the blood bank do not perform as fresh as fresh blood. They are fragile, nondistensible, depleted of 2, 3 diphosphoglycerate (DPG) and have a dramatically left-shifted oxy-hemoglobin dissociation curve [22, 23] . Because the oxy-hemoglobin curve is so left-shifted in stored blood, it is attainable that bank blood may actually draw oxygen out of the tissues or microcirculation. Therefore, stored blood has major performance limitations in delivery of oxygen. Our study also show transfused patients have higher rate of cardiac complication and reoperation and resource utilization and these are non cost effective for patients and their families. These results are parallel with previous reports [24, 25] . To date, because lack of real time monitor of oxygen supply and demand to the microcirculation of the whole body or individual organs to determine when patients need to transfused, Therefore, physicians make transfusion decisions based upon their past teaching and training. We are encultured to believe that giving blood saves lives, yet there is little data published to support such a conclusion. As a result of the lack of evidence based medicine supporting the transfusion decision, transfusion during CABG surgery varies widely [26] . A change in transfusion behavior by a large segment of physicians for CABG patients will be suitable. Such a reduction in transfusion utilization will save medical care costs by reducing resource utilization, increase the availability of blood, and finally improve outcome for our patients. Evaluating the specific causal relationship of transfusion and outcome is limited in this retrospective observational study and could be answered definitively by a prospective randomized trial of transfusion in a model that accounts for comorbidities.
Limitation: There are various limitations to our study. Firstly, being a retrospective database study, by its nature, it is only capable of showing association between variables and outcomes, and is unable to demonstrate cause and effect. Secondly, the retrospective nature of the study cannot account for uncollected or unknown variables affecting the outcome or transfusion bias. Thirdly, we had missing in our registered database about postoperation Hct, thus, we could not show exactly in tables what percent of patients meet our transfusion criteria. The fourth limitation is the fact that there was no strict transfusion policy post-operatively and the triggers for transfusion were dependent on the individual clinician treating the patient.
Conclusion
We conclude that the isolated CABG patients receiving blood transfusion have significantly higher mortality, morbidity and resource utilization. Homologous blood transfusion is an independent factor of increased resource utilization, morbidity and mortality.
